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Iron Corrosion, Iron Release, and Red Iron Corrosion, Iron Release, and Red 
WaterWater

Particle formationParticle formation
Discolored waterDiscolored water
Staining of fixtures, clothingStaining of fixtures, clothing
Metallic tasting waterMetallic tasting water
Flow restrictionFlow restriction
Oxidant demandOxidant demand
BiofilmBiofilm
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Iron Release PathwaysIron Release Pathways

Physical routePhysical route
abrasion or erosion of pipe scaleabrasion or erosion of pipe scale
changes in water flow patternschanges in water flow patterns

ChemicalChemical
dissolution of scaledissolution of scale
oxidation/reductionoxidation/reduction
ferrous or ferric iron ferrous or ferric iron 
precipitation/particle generationprecipitation/particle generation
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Key Iron Release Model FeaturesKey Iron Release Model Features
Role of Particles/ColloidsRole of Particles/Colloids

When oxygen and chlorine are in contact with When oxygen and chlorine are in contact with 
scale, ferrous ions are oxidized within the scale scale, ferrous ions are oxidized within the scale 
or close to the surfaceor close to the surface-- particles incorporated in particles incorporated in 
scalescale
When oxidants are not present at surface, When oxidants are not present at surface, 
ferrous iron can diffuse into solution and is ferrous iron can diffuse into solution and is 
oxidized further outoxidized further out-- particles form in bulk particles form in bulk 
waterwater
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Phosphates in Drinking Water TreatmentPhosphates in Drinking Water Treatment

OrthophosphateOrthophosphate
Lead (and copper) solubility reduction, corrosion controlLead (and copper) solubility reduction, corrosion control
Iron corrosion, iron release and red water reduction?Iron corrosion, iron release and red water reduction?

Polyphosphates (variety of formulations, chain lengths, blends, Polyphosphates (variety of formulations, chain lengths, blends, 
etc.)etc.)

Prevent Fe, Prevent Fe, MnMn, Ca precipitation, , Ca precipitation, ““sequesterentsequesterent””
Corrosion and metal release control?Corrosion and metal release control?
Complex metals (Complex metals (PbPb))
Many are proprietary in nature, guidelines for their usage are Many are proprietary in nature, guidelines for their usage are 
unclearunclear

Manufacturer experienceManufacturer experience
Trial and errorTrial and error
Science limitedScience limited



U.S. EPA 7

Research ObjectivesResearch Objectives

Examine the effect of orthophosphate and Examine the effect of orthophosphate and 
several polyphosphate formulations on the several polyphosphate formulations on the 
properties of iron colloids/particlesproperties of iron colloids/particles

Structure, size, shape, surface charge, crystalline nature Structure, size, shape, surface charge, crystalline nature 

Examine the effect of orthophosphate and Examine the effect of orthophosphate and 
several polyphosphate formulations on the several polyphosphate formulations on the 
properties of iron suspensionsproperties of iron suspensions

Color, turbidity, stabilityColor, turbidity, stability
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Particle Generation ReactorParticle Generation Reactor

DO electrode

1.2 L cell
pH electrode

Acid/base titrators

Gas feed line
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Phosphates Used in this StudyPhosphates Used in this Study

Orthophosphate, Orthophosphate, OPOP (Na(Na33POPO33))
Pyrophosphate, Pyrophosphate, PPPP (Na(Na44PP22OO77))
TripolyphosphateTripolyphosphate, , TPPTPP (Na(Na55PP33OO1010))
LongLong--chained polyphosphate with an average chain chained polyphosphate with an average chain 
length of 13 POlength of 13 PO33 groups, groups, LCPPLCPP1313, also called sodium, also called sodium
hexametaphosphatehexametaphosphate
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The Effect of Orthophosphate on Iron The Effect of Orthophosphate on Iron 
Particles and Iron SuspensionsParticles and Iron Suspensions
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The Effect of Orthophosphate on TurbidityThe Effect of Orthophosphate on Turbidity
DIC= 5 mg C/L, 0.122DIC= 5 mg C/L, 0.122 atmatm OO22, 22, 22ooCC
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The Effect of Orthophosphate on Apparent ColorThe Effect of Orthophosphate on Apparent Color
DIC= 5 mg C/L, 0.122DIC= 5 mg C/L, 0.122 atmatm OO22, 22, 22ooCC
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The Effect of Filtration on Color and Total IronThe Effect of Filtration on Color and Total Iron
in the Presence of Orthophosphatein the Presence of Orthophosphate

FeFetottot= 5 mg/L, DIC= 5 mg C/L, 0.122= 5 mg/L, DIC= 5 mg C/L, 0.122 atmatm OO22, 22, 22ooC,C, 3 mg PO3 mg PO44/L, pH 8, 22/L, pH 8, 22ooCC
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The Effect of Filtration on Color and Total IronThe Effect of Filtration on Color and Total Iron
in the Presence of Orthophosphatein the Presence of Orthophosphate

FeFetottot= 5 mg/L, DIC= 5 mg C/L, 0.122= 5 mg/L, DIC= 5 mg C/L, 0.122 atmatm OO22, 22, 22ooC,C, 3 mg PO3 mg PO44/L, pH 8, 22/L, pH 8, 22ooCC
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Effect of Orthophosphate on Iron Effect of Orthophosphate on Iron 
Suspension StabilitySuspension Stability

5 mg Fe/l, PO5 mg Fe/l, PO22= 0.122= 0.122 atmatm, pH=8, DIC= 5 mg C/L, 22 , pH=8, DIC= 5 mg C/L, 22 OOCC

0.250.0 0.50 1.0 2.0 3.0

Phosphate, mg PO4/L

Age! 65 days
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The Effect of Orthophosphate and pH on ZPThe Effect of Orthophosphate and pH on ZP
FeFetottot= 5 mg/L, DIC= 5 mg C/L, 0.122 = 5 mg/L, DIC= 5 mg C/L, 0.122 atm atm OO22, 22, 22ooCC
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The Effect of Orthophosphate on Iron ColloidsThe Effect of Orthophosphate on Iron Colloids
TEMTEM micrograph of iron particles micrograph of iron particles 

1 mg Fe/L, pH=7.85 to 7.89, 22.5 to 231 mg Fe/L, pH=7.85 to 7.89, 22.5 to 23°°C, DIC= 5 mg C/L, POC, DIC= 5 mg C/L, PO22=0.122 =0.122 atm atm 

0 mg PO0 mg PO44/L/L 0.5 mg PO0.5 mg PO44/L/L 3 mg PO3 mg PO44/L/L
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The Effect of Polyphosphates on TurbidityThe Effect of Polyphosphates on Turbidity
FeFetottot= 5 mg/L, DIC= 5 mg C/L, 0.122= 5 mg/L, DIC= 5 mg C/L, 0.122 atmatm OO22, 22, 22ooC,C, 3 mg PO3 mg PO44/L/L
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The Effect of Polyphosphates on Apparent ColorThe Effect of Polyphosphates on Apparent Color
FeFetottot= 5 mg/L, DIC= 5 mg C/L, 0.122= 5 mg/L, DIC= 5 mg C/L, 0.122 atmatm OO22, 22, 22ooC,C, 3 mg PO3 mg PO44/L/L
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The Effect of Filtration on Total IronThe Effect of Filtration on Total Iron
in the Presence of Polyphosphatesin the Presence of Polyphosphates

FeFetottot= 1 mg/L, DIC= 5 mg C/L, 0.122= 1 mg/L, DIC= 5 mg C/L, 0.122 atmatm OO22, 22, 22ooC,C, pH 8, 22pH 8, 22ooCC
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The Effect of Calcium, PP and pH on TurbidityThe Effect of Calcium, PP and pH on Turbidity
FeFetottot= 5 mg/L, 3 mg PO= 5 mg/L, 3 mg PO44, DIC= 5 mg C/L, 0.122, DIC= 5 mg C/L, 0.122 atmatm OO22, 22, 22ooCC
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The Effect of Calcium, PP and pH on Zeta PotentialThe Effect of Calcium, PP and pH on Zeta Potential
FeFetottot= 5 mg/L, 3 mg PO= 5 mg/L, 3 mg PO44, DIC= 5 mg C/L, 0.122, DIC= 5 mg C/L, 0.122 atmatm OO22, 22, 22ooCC
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Considerations when Using PolyphosphatesConsiderations when Using Polyphosphates

Ability to prevent precipitationAbility to prevent precipitation
Reversion rate (water chemistry)Reversion rate (water chemistry)
Complexation Complexation of metals (of metals (PbPb, Cu), Cu)
KnowledgeKnowledge
CostCost
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The Effect of Orthophosphate on Iron Particles The Effect of Orthophosphate on Iron Particles 
and Suspensionand Suspension

SummarySummary

OrthophosphateOrthophosphate……
1.1. Reduced suspension color and turbidity Reduced suspension color and turbidity 
2.2. Adsorbed to iron colloidAdsorbed to iron colloid
3.3. Increased the charge of iron colloidsIncreased the charge of iron colloids
4.4. Stabilized iron colloidsStabilized iron colloids
5.5. Inhibited colloid growth and flocculationInhibited colloid growth and flocculation
6.6. Spherical particles having 200 nm diameter Spherical particles having 200 nm diameter 
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The Effect of Polyphosphates on Iron Particles The Effect of Polyphosphates on Iron Particles 
and Suspensionand Suspension

SummarySummary

Very effective at reducing turbidity and colorVery effective at reducing turbidity and color
Interacts with iron shortly after nucleationInteracts with iron shortly after nucleation
Highly charged colloidsHighly charged colloids
Shorter chained polyphosphates appeared to be more Shorter chained polyphosphates appeared to be more 
effective based on filterabilityeffective based on filterability
The presence of major The presence of major cations cations can have a major can have a major 
negative impact on suspension stabilitynegative impact on suspension stability
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The EndThe End-- THANKTHANK--YOUYOU


